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Haddock, Melanogrammus aeglefinus L., is a coldwater marine white fish, which will 48 reproduce in captivity and appears to adapt and grow well in salmon cages, making it a potential 49 candidate species for aquaculture in Atlantic Canada, Eastern USA and Norway (Frantsi et al. However, very little information is available for haddock (Kim and Lall 2001; Lall et al. 2003; 56 Treasurer et al. 2006; Treasurer 2008; Tibbetts 2012) . In addition, knowledge gaps still exist for 57 both gadoid species with regard to ontogeny of the digestive tract and associated organs as well 58 as nutrient utilization during the larval and post-larval stages, particularly for haddock (Kjørsvik 59 et al. 1991; Hamlin et al. 2000; Perez-Casanova et al. 2004 , 2006 Kvåle et al. 2007 ) and other 60 farmed marine fish species (Zambonino Infante et al. 2008; Micale and Muglia 2011; Hamre et 61 al. 2013; Rønnestad et al. 2013; Borsky and Bricknell 2016) . Nutritional data obtained with fish 62 at the grower stage is often of little value when studying the requirements of fish at the larval and 63 post-larval stages since mechanisms of digestion and absorption change during their 64 development and, thus, nutritional requirements and tolerance for various ingredients also 65 change (see reviews of Rønnestad et al. 2013 and Hamre et al. 2013) . As a result, a major 66 obstacle for haddock culture is low feed acceptance, poor growth and high mortality associated 67 with weaning from live food to formulated diets; rendering 'total' replacement largely 
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In order to increase fingerling production of haddock through enhanced feed acceptance, 86 survival and growth rate, it is necessary to have high quality formulated diets available locally 87 for laboratory or hatchery-based nutrition research as importation of small quantities of 88 commercial feeds is costly (Yúfera et al. 2005 ) and logistically difficult due to the different 89 hatching periods and earlier larval feed production in Europe and Asia. Significant research has 90 been published on weaning diets for cod in Norway (Kvåle et al. 2006 (Kvåle et al. , 2009 Hamre 2006; 91 Hamre and Mangor-Jensen 2006; Bogevik et al. 2012; Hamre et al. 2013; Chauton et al. 2015) .
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Haddock diet development research was initiated in our laboratory in 2002 (Frantsi et al. 2002 93 5 Lall et al. 2003 mm die to produce long strands which were immediately frozen at -20ºC and then freeze-dried.
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The freeze-dried strands were crumbled using a Roskamp Grappler (Series 6.5, Roskamp 
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Beginning at 55 DPH, the test diets (400-600 µm size class) were introduced and were fed in 154 excess every h between 0900 and 1700 h with a subsequent feeding at 2200 h each night. 155 Concurrently, the amount of live Artemia fed to each tank was reduced from 300,000 daily at 54 156 to 56 DPH to 200,000 daily at 57 DPH, 150,000 daily at 58 DPH, 100,000 daily at 59 DPH, 157 50,000 daily at 60 DPH and 0 at 61 DPH. The diet particle size was gradually increased as the 158 fish grew so that the final food particle sizes ranged between 600-800 µm. Mortalities were 159 collected daily from the experimental tanks and dissolved oxygen levels (9.5±0.1 mg/L, 106±1% Test diets and freeze-dried whole fish were analyzed in triplicate by the same procedures.
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Lipid content was determined according to Bligh and Dyer (1959) . Fatty acid methyl ester 175 (FAME) derivatives were prepared using 7% boron trifluoride in methanol and heating to 100ºC USA). The polar and non-polar lipids were separated using chloroform followed by methanol 184 with the FAME compositions determined using the procedure described above. Following and 22:1n-11 and significantly lower (P<0.05) levels of 16:0, 18:0, 18:1n-7, 18:2n-6, 20:4n-6 246 and 22:6n-3. As for fatty acid groups, fish fed PMD contained significantly higher (P<0.05) 247 levels than those fed Biokyowa of total SFA (47 vs 35%) and significantly lower (P<0.05%) 248 levels of total PUFA (41 vs 53%) and total n-6 PUFA (1.9 vs 3.2%) while there were no 249 significant differences (P>0.05) observed in the levels of total MUFA (5.8-6.2%) and total n-3 250 PUFA (13.9-14.8%). The DHA:EPA ratio was lower for fish fed PMD (1.5) than Biokyowa (2.0) 251 while the EPA:ARA ratio was higher for PMD (11.0) than Biokyowa (5.5). likely related to a lack of these chemosensory-rich ingredients in the experimental diets used.
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Only one of the studies with a related gadoid species (Atlantic cod) used experimental diets In the present study, the significantly higher growth rate found for haddock fed PMD also 329 corresponds to significantly higher whole-body lipid content; despite the fact that PMD 330 contained 15 g/kg less dietary crude lipid than Biokyowa. Presumably, fish fed PMD ingested 331 more total digestible energy than those fed Biokyowa, which may have been stored as liver lipid.
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However, by the end of this experiment, the fish were still too small to effectively remove the cod muscle and herring roe) into microparticulate weaning diets for hatchery-reared haddock.
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Additional work is required to better define the nutrient requirements of haddock, specifically at 366 the larval and post-larval stages, and to improve weaning feed production technologies that 367 minimize leaching of essential nutrients into the water column. Overall, given the logistical and 
